Neonatal calf diarrhea (calf scours) is an acute, often fatal infection of the young bovine presenting a myriad of signs including diarrhea, dehydration, malaise, prostration, and finally death. There is evidence that Escherichia coli can be the etiological agent of calf scours and that different strains may be involved (13; G. Wramby, Abstr. Vet. Bull. 19:261-262, 1949) . Since E. coli are common to the intestinal tract of calves (23) , it is often difficult to show clear etiological relationships.
Certain cellular constituents of E. coli have been examined for their role in promoting intestinal disorders including the 0 somatic antigen, K capsular antigens, and the enterotoxin(s) produced by some strains ofenteropathogenic E. coli. Although the 0 somatic antigenic material may not be involved per se with the pathogenicity and virulence of E. coli, the endotoxin portion of the 0 antigen may act in concert with the virulence factors associated with enteropathogenic coliforms (13) .
There is evidence that would implicate K antigens in the virulence of E. coli (14) . These studies indicated that K antigen reduces the complement sensitivity of E. coli by covering the antigenic determinants of the 0 antigen. It has also been shown that certain K antigens contribute to the tissue adherent qualities of some strains of E. coli. Studies by Smith and Linggood (24) indicate that the common K anti- ' Present addres: Department gen (KcO) produced by certain calf and lamb enteropathogenic E. coli may function in a manner similar to K-88 antigens in the pig (16) , that is, by facilitating adherence to the intestinal epithelium.
Agglutinin activities in sera or whey from antigenized dams has been used in the past to assess the efficacy of E. coli vaccines (8, 12) . These studies generally evaluate the effect of route and adjuvants upon the immune response. In a recent clinical trial, designed to evaluate the effectivenss of various E. coli vaccines to stimulate immunity in dams and passively transfer to suckling calves, a marked protection of calves from experimentally induced scours was observed (19) .The challenge organisms, E. coli B-44, caused severe diarrhea only in calves born to control dams, whereas calves born to specifically immunized dams were strongly protected. This report describes the serological parameters of the cow/calf unit described in the earlier communication (19) .
MATERIALS AND METHODS
Test animals. A 41-cow herd of pregnant Hereford dams was randomly distributed into three experimental groups of nine cows each and one control group of 14 cows as described earlier (19) . Each group was maintained in a separate outdoor pen and provided hay once daily and water ad libitum.
Test organism. The strain of E. coli selected for this experiment was strain B-44 (serotype E. coli B-44 is nonhemolytic, prototrophic, colicin positive, lactose positive, and demonstrates both smooth mucoid and rough nonmucoid morphology. This strain gives positive ligated gut loops in both the calf and rabbit. The smooth-mucoid colony type was used in the production of culture supernatant and live and killed vaccine, as well as for challenge of the neonatal calves.
Vaccines. The vaccines were described in a previous paper (19) . Briefly, B-44 was grown in brain heart infusion broth at 37 C with constant shaking. The live vaccine consisted of a 24-h culture of the test organism which contained about 3 x 1010 viable cells/ml. The killed vaccine contained washed, formalinized (0.2% vol/vol) B-44 organisms at a concentration of approximately 6 x 1010 cells/ml. The culture supernatant preparation was obtained by centrifugation and filtration of brain heart infusion broth culture. The concentrate of this material was dialyzed against water at 4 C before formalin (0.20% vollvol) was added.
Vaccines were emulsified in an equal volume of adjuvant (96% mineral oil and 4% emulsifier) for administration. The control vaccine consisted of brain heart infusion broth mixed with adjuvant.
Vaccination protocol. Each cow was given 5 ml of antigen plus adjuvant subcutaneously and 4 ml of vaccine by the intramammary route (1 ml per quarter) twice in a 2-week interval. Antigenization was initiated 3 weeks before expected calving for the herd and the second dose was administered 2 weeks later.
-Neonatal challenge. The herd was under maximum surveillance to ensure that newborn calves would not have access to colostrum prior to the acquisition of the first postpartum blood specimen. At parturition, the calf was moved immediately to the clinic and the dam was put into a chute to facilitate collection of specimens. Calves were bled from the jugular vein and each calf was cultured by rectal swab. The cows were bled (20 ml) from the jugular vein and a separate sample of colostrum was taken from each quarter. Thereafter, the cow/calf unit was maintained in a small pen to be certain the calf could obtain colostrum prior to challenge. Challenge organisms were administered before the calves were 10 h old. Calves were challenged by gavage with 50 ml of an 18-h culture ofE. coli B-44. After challenge, the cow/calf unit was moved to a common pen separate from the pregnant dams. The cow/calf units had access to shelter and dry bedding.
Time of onset, duration, and severity of diarrhea (scored as 0, 1+, 2+, 3+, 4+) were determined for each calf (Table 1) . A zero score means no diarrhea was observed. Diarrhea of 1+ was assigned if the calf was generally healthy and had normal rectal temperatures (approximately 38.9 C), diarrhea, and no signs of dehydration. Diarrhea was scored as 2+ if the calf had normal temperature, diarrhea, concavity of flanks, some dehydration indicated as partial recession of the eyes, and slight apathy. The criteria for the 3+ score was temperature higher than 37.8 C, diarrhea, moderate dehydration indicated by progressive recession ofthe eyes, and weakness (but calf retained ability to stand). The disease (20) . Blood samples. On day 1 of the experiment, just before the administration of antigen, a blood sample was taken from each cow by the jugular vein. Subsequent blood samples were obtained at calving and again 3 months postpartum. Blood samples from calves were obtained at the time of birth and at 4 days of age. Sera were stored at -20 C until tested and heated at 56 C for 30 min immediately before titrations were performed.
Whey samples. Colostrum and milk samples were treated with renin (stock solution diluted 1:300) and calcium chloride in a concentration sufficient to create a firm clot at 42 C. Anti-O and anti-K titers were performed on unheated whey samples and on whey samples that had been heated for 30 min at 56 C. Passive hemagglutination titers were determined for heated whey only, since earlier studies in this laboratory indicated an insignificant difference in passive hemagglutination titers before and after such heat treatment.
RESULTS
Passive immunization in experimental colibacillosis: a clinical evaluation. (i) Characteristics of strain B-44. In the preliminary study of strain B-44, viable cells, filtrates, and concentrated toxin preparations caused distention of ligated intestinal segments in rabbits and calves. Strain B-44 had both rough and smooth colony types, and both forms caused distention of ligated intestinal segments. Only the smooth form of strain B-44 was used in these experiments. The viable cell count of strain B-44 grown in heart infusion broth at 37 C for 24 h with vigorous aeration was approximately 3 x 1010 cells/ml.
(ii) Response of calves to oral challenge with live E. coli. A calf scour index was derived by determining the mean diarrhea score for each experimental group from the data presented in Table 1 . The control calves had a scour index of 3.7, which is markedly higher than the indexes calculated for the calves in the vaccine groups.
The calf scour index indicates that the calves in the killed vaccine (KB) group had the lowest index, 0.3, followed by 1.3 and 1.9 for the calves in the live bacteria (LB) and culture supernatant (CS) groups, respectively (the index represents an average of the degree of scours based on the clinical evaluation of calves in each group). The onset of diarrhea (Table 1) varied between 4 and 21 h after the calves were challenged and was essentially the same for both the control and vaccine groups. The duration varied from 12 to 72 h, at which time the calves either had expired or were removed from the experiment.
Clinically, all calves gaining a score of 4+ diarrhea had profuse watery diarrhea which appeared several hours before the initial onset of the accompanying signs of dehydration (sunken eyes). As dehydration progressed apathy and anorexia were noted, and then the calf was unable to stand, body temperature decreased, and if untreated, the calf became prostrate and died. Bacteremia was not detected until the calves were moribund. At necropsy, gross pathological changes were not seen.
(iii) Bacteriological evaluation of fecal specimens. Fecal swabs collected from 19 of 39 calves at time of challenge did not produce growth of E. coli on Tergitol-7 agar with triphenyltetrazolium chloride. In fecal swabs collected from the remaining calves at challenge a few coliforms of the rough form were isolated. Only two calves were excreting significant numbers of coliform organisms exhibiting smooth colony at the time of challenge.
After calves were challenged with strain B-44, the population ofE. coli increased, with the majority being smooth and mucoid and having morphological properties identical to those of strain B-44. Smooth organisms resembling strain B-44 were initially isolated from fecal swabs of every calf between 5 and 24 h after challenge. The appearance of the various colony types remained constant for 4 that neither dams in the control group nor in the culture supernatant group had detectable 0 agglutinins in their serum (Table 2) . Dams vaccinated with LB had a mean titer of 20 compared to a mean titer of 80 in the sera of the dams antigenized with KB. These values are not significantly (P > 0.05) different (Table 3) . The mean titer in serum from the KB group, however, is significantly higher than the control group.
Assays of sera obtained at the time ofparturition detected antibody activity in the sera of the CS-treated dams but the titers (21) were very low. A slight increase in titer was seen in the sera of dams in the KB group (110), whereas a threefold increase (63) was observed in the sera of dams antigenized twice with LB.
Investigations conducted a year after these titrations were performed indicated that the procedure used to prepare the 0 somatic antigens was not rigorous enough to eliminate all of the capsular material from the bacterial cells. Therefore, the 0 agglutination titers reported may have included a minor contribution by anti-K antibodies present in the sera and fail to express the exact titer. Additionally, K antigen Table 4 Data analyzed Table 3 . c Heated at 56 C for 30 min. dSee Table 2 , footnote b.
present on the cells may have obscured 0 determinants. Colostral whey from immune and nonimmune dams was titrated before and after heating at 56 C for 30 min. A very low titer of anti-O activity was detected in the unheated whey from the control dams, whereas mean titers of 276, 134, and 77 were measured in unheated whey from dams antigenized twice with KB, LB, and CS, respectively (Tables 4 and 5 ). After heating, the titers dropped 32% in the KB group, 52% in the LB group, and 65% in the CS group. All of the titers, however, were still significantly high-er than the mean whey titers of the nonimmunized dams. Agglutinating ac-VOL. 13, 1976 on November 2, 2017 by guest http://iai.asm.org/ low titer of 12 in the CS vaccine group, serum specimens obtained from precolostral calves lacked agglutinating activity to the K antigens ofE. coli B-44 (Table 6 ). However, considerable antibody activity was apparently acquired from colostrum by the calves in the CS, LB, and KB groups. Thus, calves in the KB group had a mean titer of 240 compared to titers of 12 and 60 in sera of calves in the LB and CS groups, respectively. The difference observed among groups was not statistically significant (P > 0.05) ( Table 7) .
(v) Passive hemagglutination activity of the dam. Antibody activity against the LPS moiety of B-44 was not measured in cow serum prior to antigenization. Two weeks after a single antigenization and again at parturition the cows were tested for serum passive hemagglutination activity. The results are given in Table  4 .
After a single antigenization, the serum passive hemagglutination activities detected in the vaccine groups were not significantly different (Table 5) . However, the titers were significantly different at parturition. The serum titers showed a threefold increase in all of the vaccine groups, whereas titers in the control group did not show an appreciable change.
The highest colostral whey titer detected in the KB group had a mean titer of 37,000 as cornapred to a titer of 12,500 in the CS group and 21,000 in the LB group (Table 4) . The differ-ence among these groups is not signiflcant at the 0.05 level (Table 5) . However, the results are significantly different between the vaccine groups and the controls. Contrasting the mean whey titers to the serum titers in the vaccine groups indicated that two to six times more anti-LPS activity was present in the whey of immune cows.
The relative difference between the vaccine groups can be seen in the result of the 0 antibody titers measured in unheated whey (Table  4) . DISCUSSION These studies, designated to evaluate the efficiency of three different vaccine preparations, indicated that subcutaneous and intramammary antigenization of preparturient dams afforded significant protection to the neonatal calves. Seventy-seven percent of the calves born to vaccinated dams were protected against an oral challenge with E. coli B-44. On the contrary, only two of 14 calves born to dams in the control group failed to reach a 4+ scour condition after oral challenge with the test organism.
A semiquantitative index, derived from the mean diarrhea score for each group of calves, showed that the KB vaccine was superior to the other three preparations. Next in the order of efficiency were the LB and CS vaccine preparation. Interestingly, the CS preparation apparently contained enough somatic and capsular material to elicit a response sufficient to react with the challenge organisms and protect the neonates.
It was noted early in the experiments that challenging with strain B-44 after 20 h of age was clearly less detrimental to the calf than an oral challenge administered within the first 10 h of life. The only calf in the control group that had less than 3+ diarrhea had been challenged beyond 12 h of age; hence, a relationship between age and susceptibility was suggested.
It is known that newborn calves absorb proteins more efficiently during the first 18 to 20 h of life (10) , and further, that strains of enteric organisms begin to establish in the intestinal tract at 18 to 24 h of age (23) . It would follow then that transfer of bacterial enterotoxins as well as immunoglobulins would be influenced by the time related physiological mechanisms in the neonatal intestine. In addition, it is possible that endotoxin and enterotoxin substances are being released from dead and metabolically active bacteria, respectively, during the time period when the small intestine is exquisitely sensitive and vulnerable to molecular cytotoxic reactions. These factors quite likely contribute to field cases of neonatal diarrhea (scours) as well.
The time of onset and duration of the clinical syndrome caused by strain B-44 (profuse diarrhea, severe dehydration, apathy, decrease in body temperature and morbidity, death) and the absence of bacteremia before the moribund state was reached are typical of field cases of the disease. Bywater (4) reported that physiological changes caused by strain B-44 enterotoxin included a net increase in secretion of fluid, sodium, bicarbonate, and chloride from the blood into the small intestine of the calf. Similar physiological changes in calves have been associated with naturally occurring neonatal diarrhea (7, 11, 18) .
Results of the serological studies indicate that, 2 weeks after a single antigenization, a significant agglutinin response to 0 somatic and K antigen was not detectable in serum of dams. At parturition (8 to 66 days after the second antigenization), only the anti-O serum titers were significantly different from titers of the control dams. Anti-K activity still was not detected in the sera of the controls or the vaccine groups at parturition. These data would agree with the findings of others, that is, the 0-agglutinating titers in sera of vaccinated dams are generally higher than are the titers detected against capsular antigens of the vaccine strain (12) .
The present studies would indicate that the KB, LB, and CS vaccines, in that order, were effective in eliciting responses to the 0-somatic antigens. No such ordering of vaccine efficacy was possible using anti-K titers. Therefore, since both anti-O and anti-K antibody activity are highly likely to be involved in passive immunity, an ordering of the effectiveness of KB, LB, and CS vaccines from the results of serum activity of the dam is questionable.
Since the importance of colostrum for the survival of the calf has been established (1, 9, 15) , an evaluation of the three vaccines for production of protective factors in colostrum would be an appropriate indication of vaccine efficiency. Since colostrum-derived antibody had been shown by many investigators to be a critical factor in passive immunity in neonatal calves (2, 3, 26) , it would follow that an effective vaccine should elicit protective antibodies that will predominate in the dam's colostrum.
The somatic antigens remaining after heat treatment (boiling for 1 h) were reacted against both heated (56 C, 30 min) and unheated whey obtained from individual quarters of the udder of each cow. In all groups, the titers detected in the unheated whey were distinctly higher than corresponding titers in the heated specimens. The effect ofthe factor(s) upon the agglutinating activity in whey is apparent; the effect in vivo is unknown. Whether or not the heatlabile factor(s) represents an antibody to common enterobacterial antigen was not determined.
The strong relationship between agglutination titers of unheated whey and vaccine effectiveness suggests the complicity of a heat-labile immune factor(s) in protection from scouring.
The passive hemagglutination titers in serum and whey of vaccinated cows, 2 weeks postantigenization and at parturition, were significantly higher than titers observed in the sera and whey of control cows. None of the mean titers in any of the vaccine groups, however, were significantly different. The relative difference seen, however, is similar to differences noted in the data for anti-O titers ofboth heated and unheated whey. Furthermore, the relatedness of mean passive hemagglutination and anti-O titers in whey specimens correlate well with the clinical findings.
Since endotoxin has not been shown to be a critical effector in E. coli enterotoxemias, it is doubtful that the passive hemagglutination antibody detected in passive hemagglutination assays functions in the protection against E. coli. However, immunological or physiological activities contributing to the death of enteric organisms coupled with a breakdown of the integrity of the intestinal mucus membrane (produced by enterotoxin) may require the interaction of endotoxin neutralizing antibodies. It is apparent from these studies that anti-LPS agglutinating antibody is present in significant amounts in the serum and whey of the vaccinated dams, and like the anti-O agglutinins, deserve consideration as significant factors in scouring.
Since absorption ofcolostral antibodies is limited to the first 24 to 36 h of life (9), it was not surprising that at birth these calves did not exhibit agglutinating activity against either the 0 or K antigens. Of particular interest was the passive hemagglutination activity detected in precolostral calf serum in each of the groups, including the control calves. In utero response to an LPS moiety could account for the antibody activity since immunocompetence has been demonstrated in another ungulate, the ovine (22, 21) , and more recently in the fetal calf (6) .
In contrast to the control calves, the calves in the vaccine groups showed an increase in serum agglutinin activity by day 4. The mean 0 titers were not significantly different between immune groups, whereas the 0 titers in colostrum were significantly different. Perhaps the most significant observation in these studies related to the marked increase in the anti-K activity in sera of calves born to all vaccinated dams. The response was most pronounced in the KB and LB groups and stands in contrast to the lack of anti-K activity in the dams' sera. These results strongly suggest then that an effective response to 0 somatic and K antigens of E. coli was produced in dams and that passive transfer of immunity to calves via colostrum was manifest as a marked diminution of the symptoms of and death from scouring. The nature of the protective antigen is not clearly defined by these studies but there is some evidence that the K antigen may play a vital role in this regard.
